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therapy. Five received drug A. and 3 responded, all within 5 minutes. MAP
Increased from 64 to 79 mmHg wi th therapy. However, blood pressure was
maintained for an extended period of time (6 hours) in only one patient.
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unrelated to either therapy or hemodynamic response. Four of 7 had
bacterial infections.
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Based on results from the original protocol, naloxone appears effective
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Summary.

--.. This study assess the efficacy of naloxone in the therapy of septic
shock. The operating protocol was revised during this first year of the
study.

The original protocol (protocol I), patients (7) were randomized to
receive either dopanine or naloxone in increasing bolus doses uv to 1 mg/kg
followed by continuous naloxone infusion. Of 4 patients given naloxone, 2
responded, with increases in mean arterial pressure (MAP) of 30 % within 10
minutes. Pressures fell however after 70 minutes and 6 hours despite
continued drug infusion. Three patients given dopmine responded, although
this occurred more slowly (1-2 hours). Survival was unrelated to therapy or
henodynamic response. Infections were present in 4 of 7 patients.

In the revised protocol (protocol II), patients received naloxone or a
placebo, (double-bi inded and randomized), designated A or B (code not yet
broken), given as a single IV bolus of 1 mg/kg followed by a continuous IV
infusion of 70% of the bolus dose. If a hemodyrmic response does not occur
within 10 minutes, the patient then receives conventional therapy.)

Seven patients entered protocol II without having pmor pressor
therapy. Five received drug A, and 3 responded, all wbiw45'minutes. MAP
increased from 64 to 79 mmHg with therapy. NIoi, elr, blood pressure was
maintained for an extended period of--t-fve-wnsIhours) in only one patient.
Neither of 2 patientsgve rL'ug B responded. Four of 7 patients survived,
unrelated to e ii'er ' therapy or hemodynamic response. Four of 7 had
bacterial tions.

patients entered protocolI I having fai led dopamine, and none
respdnded to drug A (6) or 8 (1). Two of 7 patients survived; 5 of 6 had
bac erial infections.

sed on results from the original protocol, naloxona sppears effective
in some patients, although on occasion only transiently. The study is
currently following protocol II. Some patients sppeer to r to drug A,
and no adverse side effects have been noted for either dr g A or B. We
consider it appropriate to continue the study under this pro ocol.
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/ FORWARD

Septic shock is a clinical syndrome manifested by systemic
aberrations of hemodynamic and metabolic Parameters caused by bacterial
i nf ect i ons. Th is syndrome, seen i n both Gram-negat ive and Gram-oos it ive

-bacter ialI i nfect ions, i s assoc iated wi th s iq i f icant i n-rioso italI mor talIi ty.
Preliminary experimental animal studies and acen clinical trials in

-humans with bacteremic shock have suggested hemodymanic and metabolic
improvement with naloxone. In this study we assess the efficacy of naloxone
in the thera~y of sept ic shock

For protection of human subjects the irnvestigators have adhiered to
policies of awvl icable Federal Law 45CFR46. Both research protocols I and
I I have been rev i ewed and approved by the Commi tee on H*umn Exoer i mentat i on
at the Unkiivers ity of CalIi forn ia. San Franc isco (approveaI nuitwe 243102 -02A.
1+95 596).
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'BODY OF REPORT

Introduction and Study Design

Septic shock is a clinical syndrome manifested by systemic aberrations
of hemodynamic and metabolic parameters caused by a bacterial infection.
This syndrome, seen in both Gram-negative and Gram-positive bacterial
infections, is associated with significant in-hospital mortality. Despite
recent advances in management of critically ill patients, mortality for
septic shock is high, ranging from 20-60% in published series to 50-60% in
our experience at San Francisco General Hosoital.

Current management practice stresses the role of adeauate fluid
replacement as peripheral vasooressor responses are blunted with low
systemic vascular resistance and a relative hyoovolemia exacubated by
seauestration of fluid at sites of inflammation, fever, vomiting and
diarrhea. Patients not responding to fluid alone are given a vasovressor,
such as dopamine, to improve cardiac index, systemic vascular resistance,
and visceral perfusion. Some Patients still do not respond even at large
doses, which can cause excessive vasocontrict ion accompanied by worsening
perfusion and acidosis. In addition, at these high doses significant
arrhythmias may ensue and further complicate management. A variety of
vasoactive agents other than dooamine (e.g. isooroterenol, noreDineohrine.
dobutamine, and metaraminol) are available but all have serious side-
effects. New and less toxic drugs would therefore be useful in the
management of shock.

The mechanism responsible for the clinical syndrome of septic shock and
its metabol ic derangements involve complex interactions of several mediator
substances. Beta-endorphin, an endogenous opiate stored with ACTH and
released during stress, has been implicated in the hypotension associated
with shock states (1). Preliminary animal and clinical studies have shown
significant improvement in hemodynamic and cardiovascular function after
administration of naloxone in endotoxic/bacteremic, hypovolemic, and soinal
shock (1-13). In addition, naloxone is very safe and therefore the
therapeutic potential is great if naloxone is indeed effective for shock
states. Moreover, if naloxone Proved to be of value in patients failing
vasopressor therapy, i t could significant ly alter our approach to this
disease and might effectively reduce mortality.

The major purposes of this study (revised protocol-protocol I) are (1)
to evaluate the potential role of naloxone in the early stage of septic

shock. (2) to determine if it is useful to treat septic shock in patients
unresponsive to vasopressor drugs, and (3) to determine the effect on
survival of naloxone comared to conventional therapy in bacteremic shock.
The study (revised protocol) consists of two phases. In the first phase,
naloxone is compared to blinded placebo (saline, provided by DuPont
Laboratories), for bacteremic shock in patients not responding to therapy

V with fluid resuscitation. Hemodynamic and metabolic responses will be used
as a measure of tissue perfusion and these variables will be comoared for
patients randomized either to intravenous naloxone or to intravenous blinded
placebo during the first 24 hours of therapy for bacteremic shock. In
addition, survival at 24, 48, and 72 hours and during the period of
hospitalization will be compared between the two groups.

In the second phase of this study, the efficacy of naloxone will be
compared to a placebo in patients who do not respond to dopamine alone. A
beneficial effect of naloxone in this extremely ill patient Population would
represent a major contribution in the management of septic shock.

Detai Is of the study design and methods are stated in the study
protocol (revised protocol 10-21-83), and summarized in the aoprooriate
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portions of the Results section. The original protocol (protocol 1)
compared naloxone with dopamine in a randomized but non-bl inded manner.
This protocol was revised because it was cumbersome to administer and
difficult to enroll sufficient nurbers of patients. Results for both the
original and revised orotocol are given below.

Results.

In this section. the original protocoI is designated Protocol I , and
the revised protocol, currently being fol lowed, is designated Protocol I1.
Results for each are presented separately. Hemodynamic and metabolic
parameters measured are given. Blood samoles have been obtained but not yet
assayed, for endorph ins, cort iso I, and where anroor iate, dopami ne.

Protocol I Naloxone versus Domino

Seven patients entered the study under this protocol, in which patients
were randomized to receive naloxone versus dooamine in an unbl inded fashion.
Naloxone was administered in 3 graduated bolus doses of 0.05 mg/kg, 0.5
mg/kg, and 1.0 mg/kg. If after 10 minutes the desired hemodynamic resoonse
was not achieved, the next graduated bolus dose was given. If the desired
hemodynamic response was obtained then a 24 hour infusion of 702 the
effective bolus was given.

Dopamine was administered by continuous IV infusion at a starting dose
of 0.5 mcg/kg/min. This dose was adjusted until either the desired
hemodynamic response was achieved or a dose of 20 mcg/kg/min was reached
without an approor iate response observed.

Naloxone= Four patients were randomized to naloxone, and two of the 4 had a
blood pressure response to the initial low dose bolus (0.05 mg/kg).
Resoonses were observed within 10 minutes of administration. With
subsequent continuous naloxone infusion, blood oressures were maintained for
70 minutes and 6 hours respectively, but then began to fall toward basel ine
and naloxone was discontinued. One of these patients survived and one
expired; only one had a documented bacterial infections (Staghy1oQCxUs
au.i.eu sesis). Pertinent parameters before and after treatment for the
resoonders are ( mean + SD; n=number of patients for whom data are
available):

M8ELINE ----- CCo L 8_0NG fIlE

MAP (mmHg) 58.5+7.8 (2) 76.5t19.1 (2) 30% inc. 10 min

HR 139.5+28.9 (2) 145.0+20.O (2) 31 inc. 10 min

SYS BP (ruilg) 83 (1) 105 (1) 26% inc. 20 min

DIAS BP (mnl-g) 41 (1) 30 (1) 26% dec. 10 min

LACTATE (mg/dI) 47 (1) 37 (1) 21% dec. 1 hr

HCO3 (mEa/l) 12.0 (1) 9.2 (1) 23% dec. 3 1/2 hr

I'
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WASELW ----- Cnl _E8!_NT._on_ %_/1-0AMK TIME

ABG-PH 7.42+0.02 (2) -----

ABG-pCO2 (mmHg) 31.6t4.0 (2) -----

Of the two patients who did not respond to naloxone, one survived and
one expired. Both patients had gram negative bacterial seDsis. Pertinent
parameters before and after therapy are listed above:

ASEUNE ----- al _ATLQEST_---__l !.CHSNGE IIME

MAP (ri-lg) 62.5±17.6 (2) 62.0±21.2 (2) 0.81 dec. 10 min

HR 116.5+10.6 ((2) 109.5±0.7 (2) 61 dec. 10 min

SYS BP (mnu*g) 98.5+2.1 (2) 90.0+5.6 (2) 81 dec. 10 min

DIAS BP (n"mf-g) 45.0+26.8 (2) 52.0+25.4 (2) 15% inc. 10 min

RAP (mmHg) 15 (1) 12 (1) 21 dec 20 min

PCWP (mmHg) 18 (1) 18 (1) 0% --- 10 min

ANION GAP 9.01.4 (2) .........
(mEclI)

LACTATE (mg/dl) 23.2+1.7 (2) 17.8+9.6 (2) 231 dec. 40 min

HC03 (mEq/l) 20.3+5.0 (2) 15.5t6.4 (2) 231 dec. 10 min

ABG-PH 7.42+0.18 (2) 7.37+.24 (2) .61 dec. 10 min

ABG-pC02 (mmHg) 24.5t2.1 (2) 26t4.2 (2) 61 inc. 10 min

Dopamine: Three atients were randomized to receive dopamine. All 3 had a
blood pressure response, occurring within 1, 2. 6 hours of administration
respectively. Blood pressures were maintained for 24 hours or more, however
2 of the 3 patients died. Only one had a documented bacterial infection
[P~sdono xas aeLu~girxn. pancreas). Paraneters (as above) are:

B* .ELINLE..ol TB.ARENI _ o) I__ E !!ME

MAP (mmlg) 46.0_3.0 (3) 57.0+6.5 (2) 231 inc. 1-2 hr

HR 84.4+16.9 (3) 100.0±14.1 (2) 181 inc. 1 hr

SYS BP ([mHg) 73.3+14.2 (3) 84.0+0.0 (2) 141 inc. 1 hr

DIAS BP (mnfg) 34.6±5.0 (3) 63.0±46.6 (2) 81% inc. 1 hr

RAP (nm-lg) 7.0+8.5 (2) 7.0+7.1 (2) 0% -- 24 hr

PO.P (mml-lg) 9.0±+9.9 (2) 13.5t9.2 (2) 5% inc. 24 hr
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WEL1NE ---- 01 EA-MENL.ID La) QANNE TIME

CO L/min 6.2+0.8 (2) .--.

LACTATE (mg/dl) 43.0+60.8 (2) 50.0±50.9 (2) 16% inc. 1 hr

ABG-PH 7.33+0.01 (3) 7.33+0.12 (2) 0% 1 hr

,. ABG-rC02 (mm-Ig) 21.6+7.6 (3) 22.5t6.2 (2) 4% inc. 1 hr

Protocol 11: Naloxone verus bl inded placebo.

In this protocol, patients received either naloxone or a prysical ly
identical placebo in a randomized double blinded manner. The drugs are
coded as "A" or "B" and the identity of each is unknown to us at this time.
Each is administered as a single bolus of 1.0 mg/kg followed immediately by
a continuous infusion of 70% of the bolus dose. The infusion is
discontinued and alternate therapy initiated if no response is observed
within 10 minutes. Patients enter the crotocol when first observed to be in
shock, or after fail ing to respond to dopamine infusion. These groups are
analyzed separately.

Naloxone versus BIinded Placebo-no prior pressor therapy

Drug A. Five patients were randomized to receive drug A. and 3 demonstrated
1% a blood pressure response, all within 5 minutes. One patient. blood

pressure fell to baseline after 20 minutes, desoite continued drug infusion.
In a second patient, the blood pressure remained elevated for 6 hours, but
fell when drug A infusion was stoed. In the third, therapy was switched
to dopamine shortly after a response was obtained, for reasons unrelated to
the study protocol. Two of the three patients survived. Infections were

*/ present in 2 (Escherichia oli sepsis, mixed bacterial pneumonia). Data for
the 3 resoonders are C as above):

MS.L!NE--) _Ai-NI__fnl _ tlE

MAP (mmHg) 64.0t8.4 (2) 79.3+16.3 (3) 23% inc. 5 min

-R 120.0+28.2 (2) 115.0+7.1 (2) 4% dec. 5 min

. SYS BP (mm..tIg) 88.0t14.6 (3) 99.6+4.7 (3) 13% inc. 5 min

DIAS BP (mmHg) 55.0t14.8 (2) 70.0+21.8 (3) 27% inc. 5 min

HC03 (mE/lI) 22.0+3.1 (3)

ABG-PH 7.46+0.02 (3) ---

ABG-pC02 (mml-1g) 31.5-±4.0 (3) ---
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Of the two Patients who did not respond to Drug A, one survived.Bacterial infection (mixed anaerobic bacteremia) was present in one patient.
Parameters (as above) are:

@8E-N- -A----LJN Ca TR.ATMNET-1a_ _CHANE TI ME

MAP (mmIg) 61.5+12.0 (2) 61.5+13.4 (2) 0% 5 min

-S. FI,- R 75.2+25.2 (2) -- --- ....- - -

SYS BP (mmlHg) 91.5+12.0 (2) 92.0+12.7 (2) 0.5% inc. 5 min

DIAS BP (mrnIg) 43.5+9.2 (2) 43.5+10.6 (2) 0% 5 min

RAP (mIg) 15 (1) 20 (1) 33% inc. 1 hr

PC6P (mm*g) 18 (1) 20 (1) 11% inc. 1 hr

LACTATE (mg/dI) 13.7+18.9 (2) .......

ABG-PH 7.26+0.12 (2) --- ---

ABG-PC02 (mmg) 25.0+2.8 (2) --- --- -- -

Drug B. Two Patients were randomized to Drug B, and neither responded. One
had a bacterial infection (Escbericbia c li peritonitis). One survived and
one expired. Parameters (as above) are:

BA.LNE ----- 01 IBEA!MEN!£O %TCHANGE !!ME

MAP (mri-Ig) 70.0+2.1 (2) 69.5+0.7 (2) 0.7% dec. 5 min

HR 84.5+34.6 (2) 82.0+31.1 (2) 2.9% dec. 5 min

SYS BP (mmIg) 82.0t5.6 (2) 84.0+1.4 (2) 2% inc. 5 min

DIAS BP (mmFIg) 63.0.+2.8 (2) 58.5+9.2 (2) 7% inc. 5 min

ABG-PH 7.39+0.21 (2) - - --

.. ABG-oCO2 (rmig) 28.4+0.6 (2) --- -- ----

,nit
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Naloxone versus Bl inded Placebo after Damine Thereav Failure

Drug A. Six of 7 pat ients were randomized to drug A. and no pat ient
responded to the drug. Five of 6 patients had bacterial infections. Two
patients survived and 4 expired. Parameters (as above) are:

13SELj6E---.n ME61MENL~iol !.CHANG IIME

MAP (rmd-g) 53.2+10.1 (6) 51.3+12.6 (6) 3% dec. 5-10 min

HR 125.6+18.6 CS) 132.7+14.7 (4) 5% inc. 5-10 min

SYS BP (rri-lg) 72.6+12.2 (6) 69.2+16.7 (6) 4% dec. 5-10 min

DIAS BP (nvl-g) 40.8+6.1 (6) 42.2+8.7 (6) 3% inc. 5-10 min

RAP Crmul-g) 9 (1) 7 (1) 22% dec. 5 min

PCWP (rml-lg) 7 (1) 9 (1) 28% inc. 5 min

CO L/min 8.3 (3) 7.4 (1) 10% dec. 5 min

ANION GAP 13.5+9.7 (3) ---------
(rnEl)

LACTATE (mg/dll) 34.3+16.5 (2) 21.8t7.2 (2) 36% dec. 20 min

HCO3 (rrEci/) 15.8+0.9 (3) 13.5+6.0 (3) 14% dec. 5-10 min

A8G-PH 7.37+0.07 (5) 7.41+0.04 (3) 0.5% inc. 5-10 min

ABG-DC02 (nimlg) 30.0+9.5 (5) 22.0±11.5 (3) 26% dec. 5-10 min

Drug B. The one pat ient randomized to Drug B did not respond. Drug was
administered for 8 minutes but was discontinued when the oat ient developed
severe bracycardia. He had mixed bacterial seosis.

MAP (mmrr~g) 37 (1)

FR 89

SYS BP (fnnig) 85(1

DIAS BP (mmrHg) 26(1

ABG-PH 7.04 (1)

ABG-pCO2 (mmii-g) 15(1
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Discussion.

Protocol Is Naloxone versus Donine.

Two of 4 patients given naloxone had a definite increase in blood
pressure (30% increase in mean arterial pressure) occurring within 10
minutes of drug administration. The naloxone responses were obtained with
the lowest dose tested (0.05 mg/kg). The increase in blood pressure were
sustained for 70 minutes and 6 hours respectively but then fell desDite
continued naloxone infusion. Three of 3 patients given donamine responded
with increases in blood pressure, although the increases occurred more

*-". slowly than with naloxone. There was a trend toward improvement of
metabolic abnormalities but no significant difference could be demonstrated.

- The presence or absence of documented bacterial infection did not corresoond
with response to therapy with either naloxone or dooamine. The number of
patients assessed is too few to allow any further conclusions, including
effects on survival. No dramatic changes were noted in other parameters
measured. There were no apparent side effects from the administration of uD
to 1.0 mg/kg naloxone.

Protocol II: Naloxone versus bI inad placebo.

These drugs are administered in a randomized double-blind manner.
Three of 5 patients given drug A resoonded within 5 minutes while neither of
2 patients given drug B responded. As observed in one of the patients given
naloxone under Protocol I , blood pressure was sustained for only a short
time in patients receiving drug A. In another, blood pressure was
maintained for 6 hours. When administered to Patients who failed dooamine
therapy, neither drug A ( 6 patients) nor drug B (one patient) was effective
in producing a blood pressure response. However there was a trend toward
improvement of metabolic abnormalities (lactate and arterial oH). Neither
drug had apparent side effects, and the presence of documented infection did
not correlate with response to therapy. Parameters other than systemic
blood pressures were not markedly altered by therapy with either drug
Ultimate survival appeared unrelated to response to therapy.

Conclusions and Recoimmndations.

Under the current Protocol (protocol Il--Naloxone versus blinded
placebo) there are too few patients entered in the study to determine
significant differences in the two groups. Neither drug appears to have
adverse side effects, and several patients who received drug A had apparent
hemodynamic responses. There also appears to be a trend toward
normal ization of metabolic adnormalities with drug A, although numbers of
patients are too few to demonstrate statistically significant differences.
We consider it appropriate to continue the study under the current protocol
which is easily administered and now progressing smoothly, there is no
reason to break the code at this time.

In the prior protocol (naloxone versus dooamine), two of 4 patients
resoonded to naloxone with significant increases in mean arterial Pressure.
Responses occurred within 10 minutes of drug administration or ooosed to 1-
2 hours for comparable responses in patients given doomaine. No adverse
effects were noted with administration of up to 1 m /kg naloxone.

- ,, ' ' *, "M W , . . . . .
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